In the present study, an attempt is made to analyze the physico-chemical aspects along with trace elements and organics of four different lake waters of the industrial area of Medak district namely -Gaddapotharam, Peddacheruvu, Sambaiah & Rudraram cheruvu. The lake water analysis shows that among all the lakes, Gaddapotharam Lake is the highly polluted lake followed by Rudraram Lake. Peddacheruvu and Sambaiah lakes might be polluted due to rainwater/storm water discharges. The results clearly show that majority of water quality parameters such as Chemical Oxygen Demand, chlorides and dissolved solids are quite high. This might be due to the collection of samples in summer during which the pollutants might have got concentrated and hence the analysis results are observed to be high. The levels of pollutants are found to be high at the inlet areas of the lakes close to industrial area. In addition, high levels in some sites are also due to agricultural and sewage drainages of some villages. Moreover, it is also observed that during midsummer all the lakes have dried up except for Gaddapotharam Lake. The dry sediments can be removed by digging out and replacing the bottom with good soil cover which will support aquatic life of the clean water that may enter with rainfall.
Introduction
Surface Water is a vital component of the environment and is a matter of serious concern today since the quality of surface water is rapidly deteriorating in many regions, and polluted surface water has become a grave public health and ecosystem problem [1] .The quality of surface water has become a critical issue due to the concern that freshwater will be a scarce resource in the future [2] . Lakes, ponds and streams constitute fresh surface water habitats, which harbour aquatic life. With unprecedented developmental activities, human beings are responsible for choking several lakes to death. Storm water runoff, discharge of sewage and industrial effluents into the lakes are few of the common causes where various toxic compounds enter the aquatic ecosystems resulting in the deterioration of lake water quality [3] . This loss of water quality is causing health hazards, death of aquatic lives and crop failures. Under such conditions, the need to study and monitor the condition of lakes has become very critical. The ever-increasing importance and threat to long term sustainability of the lakes due to industrialization makes the present study highly relevant.
The objective of this study is, therefore to assess the quality of water in four lakes of Medak district, namely:
In the present study, an attempt is made to analyze the physico-chemical aspects along with trace elements and organics of the lake water.
Description of the study area
Medak District with an area of 9702 km 2 and lying between North Latitudes 17°27′ & 18°18′ and 77°28′ &79°10′ East longitudes on the Northeastern part of Andhra Pradesh state, India, is presently experiencing a rapid industrial growth. This area was predominantly an agricultural land. The Patancheru Industrial Estate was set up in 1975 as part of government's initiative to bring in more industries and to industrialize the backward areas in the State of Andhra Pradesh, India. As a result, Medak has been transformed into an Industrial belt. During the development of these industrial estates, no effort was made by the industrial units to integrate environment management measures to prevent the adverse impacts of industrial discharges. There are a few or no mechanisms for the safe treatment and release of effluents. In fact, the industries have been deliberately disposing their wastes into the nearby land and water bodies.
Among all the places in Medak District, Gaddapotharam, Gomaram, Nawabpet and Rudraram villages are observed to be the potential zones of industrial pollution. The lakes in and around these villages are highly polluted and the industrial effluents are the major sources of pollution affecting the surface water as well as ground water. longitude in Medak district. The total area of the lake (Fig 1 
Pedda cheruvu:
It is located at a latitude of 17°44′ and 78°23′ longitude with a total area of 0.077 Km 2 and a depth of 3ft approximately (Fig 1-Plate 3 & 4) . Towards north of the lake is the Gomaram village with a total catchment area of 0.3 Km 2 approx. while agricultural fields occupying approximately 0.28 Km 2 of area exists towards the south of the lake. Industries are located towards the northeast of the lake.
Sambaiah cheruvu:
It is located at a latitude of 17°43′ and 78°23′ longitude at an altitude of 2005 ft. The total area of the lake (Fig 2-Plate 5) approximates to almost 0.113 Km 2 and a depth of 3 ft. Towards northwest of the lake is the Nawabpet Village with a catchment area of approx. 0.163 Km 2 . Industries are located towards south of the lake at an altitude of 2125 ft. 
Sampling points
The point sources identified for the Gaddapotharam Lake are the industries located at the elevated side and the domestic sewage coming from the village located near to the lake.
From each lake approximately 6-8 samples are collected at different locations (Table 2) . For Peddacheruvu and Sambaiah cheruvu, nutrients from domestic and municipal wastewater are observed to be the main point sources. Storm water is also one of the point source for both these lakes since the industries are located very far but on an elevated side. The nonpoint sources observed are the nutrients through fertilizers, toxic pesticides and other chemicals, mainly from agriculture runoff and organic pollution from human settlements spread over the periphery of the lakes. In case of Rudraram Lake, the point sources observed are mainly the industries and the nonpoint source is the agricultural runoff. A point to be noted is that all the industries are on the elevated side and waters have natural tendency to flow towards the lake. 
Results & Discussion
The physicochemical characteristics of water and sediment samples collected from all the lakes have been studied for different parameters and the results of these analyses for each lake are discussed below in detail:
Gaddapotharam Lake
Six water samples have been collected from Gaddapotharam Lake and have been subjected to physicochemical analyses, the results of which are given in Table 3 (A).
Characteristics of Lake (Surface) water samples collected from Gaddapotharam Lake
The pH of the water samples collected in the lake range from 8.0-8.3 and they are found to be within the permissible limits of USEPA & WHO standards. Electrical conductivity (EC) of the lake water samples is observed to range from 7300-8796 µS/cm. The alkalinity of the lake water is in the range of 1900 -2325 mg/l with a maximum of 2325 mg/l of alkalinity found in sample-6 collected near the village inlet. Maximum alkalinity values might be attributed to the increase in the rate of organic decomposition resulting in the liberation of CO 2 , which reacts with water to form HCO 3 -, thereby increasing the total alkalinity [4, 5] . The COD content of the lake water is found to be between 320-880 mg/L. COD of 320mg/l is observed in sample-2 collected from the middle of the lake (at a depth of 1.5-2m) and 880 mg/l is observed in sample-6 collected near the inlet point of the sewage water from village side. The findings of the present study indicate that, higher value of COD may be due to less water content and high turbid conditions. The higher turbidity shows the presence of higher concentration of organic and non-biodegradable components in the lake water which require higher amount of oxygen for their decomposition [6] .
The BOD of the lake water is observed to be in the range of 18-40 mg/l with 18 mg/l at middle of the lake (submerged, sample-2) and 40 mg/l at village side (sample-6). The higher value of BOD indicates maximum consumption of oxygen and higher pollution load [7] .
The amount of chlorides is within a range of 1121-1366mg/l. The increase in chloride concentration may be due to the discharge of municipal and industrial wastes in to the lake as reported by Kant and Raina 1990[3] .. The maximum chloride concentration (1367 mg/l) is found in sample-6 collected from the site near to the village, which could be due to mixing of organic matter, bathing activities, urination and wastes of animals. The industries surrounding the lake may also contribute to high concentration of chlorides in the sample.
High concentration of dissolved solids ranging from 4549 -5595 mg/l is observed in the lake water samples. The study has indicated low dissolved oxygen levels ranging from 1.0-2.1 mg/l. The low level of DO is indicative of polluted nature of the water body [8] . The amount of phosphates is in the range of 1.4-2.2 mg/l. The concentration of sulphates varied from 75-134 mg/l.
In lake water samples, nitrogen concentration is found to be ranging between 1.4-1.6mg/l while the amount of ammonia ranges between 3.0-4.8 mg/l, which can be attributed to contamination of the lake with sewage/industrial effluents. The presence of organics in the lake water samples is identified from GC-MS analysis (Table 3-B) . Organics like benzoic acid, napthalene, benzothiophene, and saturated hydrocarbons like decanes, cosanes etc., indicate the contamination of lake water with residues of Tar and bulk drug industries. This might be due to the contamination of lake from the bulk drug industries located near the lake.
Heavy metal analysis is also done for lake water using Atomic Absorption Spectrophotometer. The concentration of heavy metals remained below toxic limits except for chromium with a concentration of 0.3 µg/ml, which is above the standard limits. It might be due to some external contamination/pollution from some industry (Table 3-C).
Pedda Cheruvu
The pH of the surface water of Peddacheruvu is within the permissible limits of US-EPA and WHO standards (6.0-8.5). The conductivity in all the samples is ranging from 874-911µS/cm except for the sample 2, which is collected from the inlet near field side (1550µS/cm) and sample 1 collected from washing inlet to cheruvu (1361µS/cm).
The COD value fluctuated in the range of 280-380 mg/l. The concentration of COD is found to be high (Table 4 -A) in sample 2 collected near the inlet site (1100 mg/l), which might be due to the runoff of chemicals applied in the fields [9] .
The dissolved oxygen content is 5.5mg/l in the sample 1, collected from washing inlet to cheruvu while in other samples collected from the lake it ranges from 1.5-2.9 mg/l.
The concentration of phosphates ranged from 1.0-3.8 mg/l. Samples 1 & 2 collected from washing inlet to cheruvu and inlet at the field site showed high concentration of phosphates (3.8 & 3.5 mg/l) which might be due to the detergents used during washing at the washing inlet site and phosphate fertilizers added to the field inlet site [10] .
The concentration of nitrates is observed to range from 6.2-8.6 mg/l while the concentration of ammonia is ranging from 1.1-8.9 mg/l. The high concentration of ammonia (8.9 mg/l) is observed in the sample 2 collected from the field inlet site may be due to the application of fertilizers to the field [11] . The sulphates ranged from 63-73 mg/l.
The total alkalinity is varied from 200-425 mg/l while the amount of chlorides ranged from 117-192 mg/l. Samples 1 & 2 collected from washing inlet and field inlet showed high amounts of chloride (185 and 192 mg/l) when compared to the other samples (range 117-122 mg/l).
Certain organic pollutants have also been observed in the lake (Table 4-B) , which might be due to the runoff from agricultural fields near the lake or storm water discharge from industries. The lake is also characterized by the presence of heavy metals (Table 4-C). It is evident from the data that all elements studied are within the limits of International standards. 
Sambaiah Cheruvu
A number of water samples are collected from Sambaiah cheruvu to check the water quality status of the lake. Table 5 (A) shows the physicochemical characteristics of the lake water. Dissolved Oxygen in water is of great importance to all aquatic organisms and is considered to be the factor that reflects the biological activity taking place in a water body and determines the biological changes [12] . The dissolved oxygen is found to be very low in sample 3 (0.8mg/l) when compared to other samples since it is nearer to agricultural fields where the lake gets contaminated from the agricultural runoff.
The total COD is high in all the lake samples. However, sample 3 collected from the inlet and sample 5 collected from the out let showed high COD content of about 760 and 960mg/l respectively. The high COD content at outlet might be due to accumulation of organics as there will be reduced flow of lake water (since the sample is collected in the dry season) [13] . The amount of nitrates, nitrites, ammonia and nitrogen are all within the permissible limits. However, the amount seems to be high in sample 3 collected from inlet compared to all other samples.
The quantities of organics present in the lake water are given in table 5 (B). A few organics are recorded in the lake water include benzaldehyde, naphthalene and decanes. This indicates that a very slight contamination is present in the lake which might be due to storm water discharge or agricultural runoff.
The concentrations of metals measured in the water samples collected from Sambaiah cheruvu are given in table 5 (C). All the metals are within the permissible limits. The concentration of lead is consistently below the detection levels (0.01µg/ml).
Rudraram Cheruvu
The results of the physicochemical parameters in Rudraram Lake are given in table 6 (A). The pH of the samples is highly alkaline with pH ranging from 9.2-9.7 indicating abnormal condition due to industrial contamination. Electrical conductivity ranged from 3500-3900 µS/cm. The chloride values are between 400-550mg/l in the samples collected from the lake. The dissolved oxygen levels are in the range of 1.0-2.1mg/l. The low level of DO is again indicative of contaminated nature of water body [13] . The BOD of the lake water is between 20-30 mg/l. The nitrate content of the lake water ranged between 28-34 mg/l while the nitrite content ranged between 0.1-0.2 mg/l. Significant sources of nitrates are fertilizers, decayed vegetable and animal matter, domestic and industrial effluents and atmospheric washouts. Unpolluted natural water contains usually only minute amounts of nitrate [5] . The phosphate value varied from 1.3-1.8 mg/l. The US Environmental Protection Agency (1976) suggested that 0.08 mg/l of phosphate as the critical level for the occurrence of eutrophication in lakes and reservoirs. High amounts of total dissolved solids are observed in Rudraram Lake with the concentration ranging from 2488-2578 mg/l.
A number of organics are identified in the lake water, the details of which are given in table 6 (B). Benzyl alcohol, quinoline, decane, cosanes, and benzene dicarbocyclic acid are some of the organics commonly observed in Rudraram lake water.
All the heavy metals analyzed in lake water are found to be within permissible limits except for chromium (0.25µg/ml) (Table 6-C).
Conclusions
In the present study, the sampling is done on one occasion and it is very difficult to draw final conclusions. Water quality results of the four water bodies studied in and around Medak district are quite high to moderate. The results clearly show that majority of water quality parameters such as COD, chlorides and dissolved solids are quite high. The levels of pollutants are found to be high at the inlet areas of the lakes close to industrial area. In addition, high levels in some sites are also due to agricultural and sewage drainages of some villages. Priority organic pollutants detected in the lake are phenols, phthalates and benzene compounds. Among all the studied lakes, Gaddapotharam Lake appears to be the highly contaminated. Fish mortality observed during sampling in Peddacheruvu and Sambaiah cheruvu may be due to the low levels of water (sampling done in dry season), low DO and high dissolved solids. High concentration of nitrates and phosphates and very good algal growth in Rudraram Lake is indicative of its eutrophic condition. As the sampling is done only on one occasion, it is not possible to arrive at authentic conclusions. Hence, it is desirable to collect data at least for a year to cover all the seasons to find out the fluctuations in different parameters which will definitely help in getting a comprehensive picture of lake ecology.
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